Foxtail millet [Setaria italica (L.) P. Beauv.] is one among the most ancient crops of dryland agriculture. It is the second most important crop among millets grown for grains or forage. Foxtail millet germplasm resources provide reservoirs of novel alleles and genes for crop improvement that have remained mostly unexplored. We genotyped a set of 190 foxtail millet germplasm accessions (including 155 accessions of the foxtail millet core collection) using genotyping-by-sequencing (GBS) for rapid single nucleotide polymorphisms (SNP) characterization to study population genetics and structure, which enable allele mining through association mapping approaches. After filtering a total 350,000 raw SNPs identified across 190 germplasm accessions for minor allele frequency (MAF), coverage for samples and coverage for sites, we retained 181 accessions with 17,714 high-quality SNPs with 5% MAF. Genetic structure analyses revealed that foxtail millet germplasm accessions are structured along both on the basis of races and geographic origin, and the maximum proportion of variation was due to among individuals within populations. Accessions of race indica were less diverse and are highly differentiated from those of maxima and moharia. Genome-wide linkage disequilibrium (LD) analysis showed on an average LD extends up to ~150 kbp and varied with individual chromosomes. The utility of the data for performing genome-wide association studies (GWASs) was tested with plant pigmentation and days to flowering and identified significant marker-trait associations. This SNP data provides a foundation for exploration of foxtail millet diversity and for mining novel alleles and mapping genes for economically important traits.
Intergenomic analyses of foxtail millet, Brachypodium spp., rice (Oryza sativa L.), sorghum [Sorghum bicolor (L.) Moench], and maize (Zea mays L.) revealed highly conserved collinearity that shows strong evolutionary relationship among these grasses .
Foxtail millet is valued for its drought tolerance (Qi et al., 2013 ) and short duration, and its grains are nutritionally superior to other cereals such as rice and wheat (Triticum aestivum L.) (Saleh et al., 2013; Upadhyaya et al., 2011) . It has a low glycemic index and is thus an ideal food for people suffering from diabetes (Anju and Sarita 2010) . Foxtail millet has one of the largest germplasm collections of >46,000 accessions conserved in genebanks globally (Dwivedi et al., 2012) and has large withinspecies racial diversity: three races (moharia, maxima, and indica) and 10 subraces (aristata, fusiformis, and glabra in moharia; compacta, spongiosa, and assamense in maxima; and erecta, glabra, nana, and profusa in indica) (Prasada Rao et al., 1987) . Representative germplasm sets such as core and mini-core collections have been formed (Upadhyaya et al., 2008 (Upadhyaya et al., , 2011 , and these function as important genetic resources for genomic studies. Understanding the genetic basis of traits of economic interest in foxtail millet is essential for improving yield and adaptability to various stresses. Association mapping is an effective approach for dissecting the genetic basis of complex traits in plants and has been used in various crops, including foxtail millet (Jia et al., 2013) . Initially, simplesequence repeat (SSR) markers have been used to identify genomic regions associated with agronomic traits in foxtail millet (Vetriventhan 2011; Gupta et al., 2014) , however, numbers of SSR markers used in these studies were less and did not cover the entire genome. Recently, Jia et al. (2013) sequenced 916 diverse foxtail millet genotypes and through GWAS identified several SNPs associated with morphoagronomic traits. The ICRISAT foxtail millet core collection represents the diversity of the entire foxtail millet collection conserved at the ICRISAT genebank (Upadhyaya et al., 2008) and included potential sources for climate resilience traits, such as disease resistance (Sharma et al., 2014) and salinity tolerance (Krishnamurthy et al., 2014) , and agronomic and grain nutritional traits (Upadhyaya et al., 2011) . To implement GWAS using the foxtail millet core collection as an association mapping panel, there is a need for genome-wide scanning of sequence variation. Recent advances in using next-generation sequencing platforms for genotyping approaches such as GBS (Elshire et al., 2011) have enabled genome-wide scanning of large germplasm collections to discover SNPs for exploring genetic diversity, population structure, and LD at the species level. The cost of generating such a GBS-SNP data set is a tiny fraction of that required for whole-genome sequencing or even reasonably dense SSR fingerprinting. It helps in effective germplasm management and its enhanced use in crop improvement. Here, we characterized a diverse representative foxtail millet germplasm set, including the foxtail millet core collection, to investigate population genetics, structure, phylogenies and LD and use GWAS to identify genomic regions and genes underlying natural variation for plant pigmentation and flowering time.
Materials and Methods
Genotyping-by-Sequencing Library Preparation, Sequencing, Single Nucleotide Polymorphism Calling, and Annotation
The experimental materials consisted of 190 foxtail millet germplasm accessions including all 155 accessions of the core collection (Upadhyaya et al., 2008) plus four control cultivars. This germplasm set represents three races and 10 subraces of foxtail millet originating from 23 countries spread over Asia, Africa, the Americas, and Europe (Supplemental Table S1 ). DNA was isolated from leaves of each accession at 4-to 6-leaf stage using the modified hexadecyltrimethyl ammonium bromide (CTAB) protocol (Mace et al., 2003) from 12-d-old seedlings. Lyophilized DNA was sent to the Genomic Diversity Facility (Cornell University, Ithaca, NY, USA) for genotyping following the GBS approach (Elshire et al., 2011) with ApeKI restriction enzyme used for complexity reduction. The library was sequenced in 96-plex in two lanes of an Illumina HiSeq 2000. Further, the sequences were mapped to 'Yugu1' foxtail millet reference genome (Bennetzen et al., 2012) using Bowtie v2.2.3 (Langmead and Salzberg, 2012) and SNPs were called using TASSEL v4.3.10 GBS pipeline (Glaubitz et al., 2014) . Sequence tags, 64-bp sequences that included a leading 4-bp C[T/A] GC signature from the cut site, were identified and only tags with at least 10 total reads were retained (to remove sequencing errors). Functional annotation of the SNPs was performed with the help of reference gene feature information using snpEff v3.6 (Cingolani et al., 2012) .
Population Genetics and Structure Analyses
Evolutionary divergence of within and between races and between pairs of individuals was performed using MEGA 6 (Tamura et al., 2013) following maximum composite likelihood model (Tamura et al., 2004) with 1000 bootstrap iterations of all genotypes. Diversity statistics such as allele frequency, heterozygosity, and gene diversity were estimated using the software Arlequin version 3.5.1.2 (Excoffier and Lischer, 2010 ). An analysis of molecular variance (AMOVA) to estimate population differentiation among populations with 1000 permutations was performed using Arlequin version 3.5.1.2 (Excoffier and Lischer, 2010) . Population level differentiation statistics (F ST ) were measured using Arlequin version 3.5.1.2 (Excoffier and Lischer, 2010) . The F ST ranges from 0 (no population subdivision, random mating occurrence, no genetic divergence within the population) to 1 (complete isolation or extreme division) with F ST of up to 0.05 representing negligible genetic differentiation. Population level pairwise F ST and Reynolds' genetic distance (Reynolds et al., 1983) estimates were calculated for subpopulations (identified through ADMIXTURE program) and three foxtail millet races using Arlequin version 3.5.1.2 (Excoffier and Lischer, 2010) .
To construct a phylogenetic tree, pairwise distance matrices were generated for entire set and for individual races using MEGA 6 (Tamura et al., 2013) following maximum composite likelihood model with 1000 bootstrap iterations of all genotypes (Tamura et al., 2004) . The resulting pairwise-distances matrices were formatted to import into DARwin software version 6 (Perrier and Jacquemoud-Collet, 2006) and were used to construct unweighted neighbor-joining phylogenetic tree. Principal component analysis (PCA) was performed using the R software packages SNPRelate and pca3d (Zheng et al., 2012; Weiner, 2014) . Hierarchical population structure was estimated by using the ADMIXTURE program, a model-based estimation of ancestry in unrelated individuals using maximum-likelihood method (Alexander et al., 2009) . ADMIXTURE implements a cross-validation (CV) feature that allows, together with the number of iterations to convergence, to determine the number of subpopulations (k values) that best fits the data. After choosing a subpopulation level, we considered 60, 70, and 80% inferred ancestry membership and individual accessions were assigned to subpopulation if they had at least 60% membership in that respective population following Wallace et al. (2015) . The LD parameter r 2 was estimated among loci with TASSEL 5.0.1 (Bradbury et al., 2007) . We examined pairwise LD values, analyzing all polymorphisms with MAF 5% and compared pairwise LD decay between polymorphisms assessed in the whole population. Genome-wide patterns of LD decay were assessed by measuring r 2 averaged in distance intervals at the wholegenome level and across nine foxtail millet chromosomes.
Genome-Wide Association Study
The foxtail millet core collection plus four control cultivars (n = 159) was used as an association mapping panel to dissect sequence variation associated with plant pigmentation (color of the plants in a plot recorded at flowering stage as green, pigmented, and deep purple), and days to 50% flowering (number of days from sowing to when 50% of plants in plot have started flowering) recorded during the year 2010 rainy season at ICRISAT, Patancheru, Telangana, India (17.53N, 78.27E, 545 m asl). The experiment was planted in an -design with three replications; Best linear unbiased predictors for days to 50% flowering of each accession were used for GWAS. Genome-wide association studies were performed with a compressed mixed linear model implemented in the GAPIT R package (Lipka et al., 2012 ) and significant marker-trait associations were identified.
Results

Genome-Wide Single Nucleotide Polymorphism Variation
The GBS library preparation protocol, with ApeKI restriction enzyme, was used for complexity reduction and 366 million reads were generated, of which ~327 million (92%) passed the barcoding and quality thresholds in the TAS-SEL FastqToTagCountPlugin function. In total, 28.2 million unique tags were identified across all 190 accessions. A total of 1.5 million unique tags were retained after the filtering (with a threshold of minimum of 10 counts), out of which 91.35% tags aligned to the 'Yugu1' reference genome. From these, SNPs were called using TASSEL pipeline. Raw SNPs (over 0.35 million) were further filtered to obtain SNPs that had minimum 80% coverage across the samples, MAF 5%, and 25% coverage across the remaining sites. For the final data set with these filters, we were able to retain 181 accessions with 17,714 SNPs (Supplemental Table S1 ), with a range between 1291 SNPs on chromosome 4 to 2273 SNPs on chromosome 3 (Table 1 ). In general, the SNPs were distributed along the nine foxtail millet chromosomes but were concentrated in subtelomeric than pericentromeric regions (Fig. 1) . Analysis of the position and distribution of each SNP locus on whole-genome level show that majority of SNPs (~40%) are within 1 kbp of adjacent SNPs (Supplemental Fig. S1 ). Further, using SnpEff (Cingolani et al., 2012) , each SNP locus was annotated based on its genomic location to predict coding effects. It was found that 12% of SNP loci were located in exon regions (6.12% nonsynonymous; 5.77% synonymous), 23% in intergenic regions, and ~4% in intron regions (Fig. 2 ).
Population Genetics and Diversity
A total of 17,714 SNPs with MAF 5% on 181 accessions were used to study the population genetics and diversity of foxtail millet germplasm accessions. Average evolutionary divergence of individuals within races showed the maximum divergence within individuals of race moharia (0.498) followed by maxima (0.472), but it was comparatively low in indica accessions (0.204) ( Table 2 ). In addition, evolutionary divergence between pair of accessions was estimated, which ranged from 0.001 (with four pairs of accessions) to 0.865 (ISe 1339 and ISe 1408) with an average of 0.391 (Supplemental Table S2 ). The average gene diversity and heterozygosity of the entire set (n = 181) were 0.28 and 0.01, respectively ( Table 2 ). The results of AMOVA revealed the large proportion of the total genetic variation from individuals within races (66.69%, P < 0.001) compared with among races (29.59%, P < 0.001) and within individuals (3.72%, P < 0.001) ( Table 3 ). The measure of population differentiation, F ST , among races was 0.30, indicating all the three races are distinct and greatly differentiated. Inbreeding coefficient (F IS ) among races was 0.95, and population specific F IS for indica (0.94), maxima (0.95), and moharia (0.96) showed the true inbreeding nature of foxtail millet accessions. Population pairwise F ST is among the most widely used measures of genetic differentiation and plays a critical role in evolutionary genetic studies. The pairwise F ST between indica and maxima (0.308, P < 0.001) and indica and moharia (0.366, P < 0.001) were moderate compared with that of maxima and moharia (0.083, P < 0.05) ( Table 4) . Coancestry coefficients or Reynolds' distance (Reynolds et al., 1983) were in agreement with estimates of F ST , where the maximum divergence was observed to occurs between indica with moharia (0.455) and maxima (0.367), while between that of maxima and moharia was low (0.087).
Phylogenetics and Population Structure
Phylogenetic structure analysis on 181 accessions using 17,714 SNPs showed that accessions belonging to indica race were completely differentiated from those of maxima and moharia. Few accessions that were found to be admixtures and were not grouped with those of three races (Fig.  3a) . These could be of genome admixtures or possible hybrids between indica with those of maxima or moharia. The phylogenetic structure of subraces belong to three races seemed highly promising ( Fig. 3b-d) , however, representation in some subraces were with only a few accessions: subraces erecta and profusa in indica, assamense and spongiosa in maxima, and fusiformis in moharia were represented by less than four accessions each ( Fig. 3b-d) . In a PCA, conducted to study population structure, the first three PCs explained 59% of variation, and accessions were structured according to biological races with some exceptions (Fig. 4) . The hierarchical population structure was determined separately for the entire set (n = 181) and the core collection (n = 155) using the model-based ADMIX-TURE program assuming k = 1 to 10 populations, without providing any information on population structure. A line graph using CV errors of each k was drawn (Fig. 5a,b) . When the k-values (from 1 to 10) were plotted against corresponding CV values, the CV error reduced steadily up to k = 4 and plateaued afterward in both the entire set and the core collection (Fig. 5a,b) . At k = 4, 13 accessions belonging to maxima were included in Subpopulation (SP) 1 along with 10 accessions of moharia. Subpopulation 2 represents maximum accessions belong to moharia (17 accessions). The SP3 and SP4 represent the accessions belonging to indica (Fig. 6a) ; however, we obtained the lowest CV error at k = 6, where accessions belonging to indica were further divided into four subpopulations while maxima and moharia grouped into two separate subpopulations. The CV error values between k = 6 and k = 7 were reduced minutely (0.00018); hence, we decided to use k = 6, as six subgroups also fits the population structure as expected with racial diversity based on phenotypic characterization. At k = 7, four indica accessions were extracted out from a larger indica group. This allowed the consideration of six subpopulation (k = 6) groups as SP1 to SP6 (Fig. 6b) . Individual samples were assigned to subpopulations if they had 60% membership in that population. About 74% (134 accessions) of individuals had 60% membership in their respective subpopulation. Few accessions found admixture and were assigned to subpopulations in which they had maximum inferred ancestry. The 181 accessions used in this study, 115 accessions belong to indica, 28 to maxima, 37 to moharia, and one unclassified accession.
Among accessions of the entire germplasm set that were structured into six subpopulations, SP1 included accessions that belong to maxima (13 accessions) and moharia (10 accessions), while the majority of the accessions from moharia were in SP2 (17 accessions). Accessions belonging to the race indica grouped into four subpopulations (SP3, SP4, SP5, and SP6), where many accessions seem admixtures with <60% inferred ancestry mostly shared with/among subpopulations of indica (Supplemental Table  S1 ). When we look into the percentage membership of individual accessions with >70 and 80%, we found 106 for former and 85 accessions for latter in their respective subpopulations (Supplemental Table S1 ). When we looked into phylogenetic consensus network, which was color coded on the basis of subpopulations detected via a model ADMIXTURE structure (Fig. 6c) , we identified two clusters, wherein accessions in SP3 to SP6 mostly belongs to race indica and were highly differentiated from those of SP1 and SP2, wherein accessions belonging to maxima and moharia were present. The AMOVA revealed a large proportion of the total genetic variation resulting from differences among individuals within SPs (54.19%, P < 0.001) and among SPs (40.76%, P < 0.001), whereas only 5.05% of variation was within individuals (Table 3) . Population pairwise estimates of F ST were significantly higher (P < 0.001) between all SPs, which were in agreement with Reynolds' distance (Table 4 ). 
Genome-Wide Linkage Disequilibrium and Genome-Wide Association Study
The average extent of LD decay at the whole-genome level and for individual chromosomes was quantified to understand the pattern of LD decay. The level of LD was measured and squared allele-frequency correlations (r 2 ) were plotted against the distance between pairwise SNPs (Fig. 7) . At the whole-genome level, average LD decays from its initial value of r 2 = 0.62 to a background level of r 2 = 0.20 (where it decayed to ~70% from the initial value) after 150 kb, and to 0.12 (where it decayed to ~80% from the initial value) at 400 kb. This varies with individual chromosome (Supplemental Table S3 ). The foxtail millet core collection plus four control cultivars (n = 159) were used to test the ability of identified SNP loci for detecting significant associations for days to flowering and pigmentation. Days to 50% flowering in the foxtail millet core collection varied from 33 to 104 d with the mean of 55 d after sowing, and mean days to flowering significantly differed among races (Vetriventhan, 2011) . We performed genome-wide association analyses on these two traits and located the genomic regions that are associated with these traits (Table 5 ). These traits are highly investigated traits in many crop species, including maize, rice, and Arabidopsis thaliana (L.) Heynh. Genome-wide association studies on plant pigmentation revealed the most significant association between 7.2 to 7.3 Mbp of chromosome 4 (Table 5 ; Fig. 8 ). Jia et al. (2013) reported many markertrait associations for bristle color, leaf sheath color, and pulvinus color between ~7.2 to 7.4 Mbp on chromosome 4 and found a coloration pathway gene Si008089m.g (a homolog of maize C1-colored aleurone1; Maize gene ID: GRMZMG005066) on chromosome 4 at 7.0 Mbp. We found the gene Si006495m.g located on chromosome Figure 6 . Population structure of foxtail millet germplasm characterized using 17,714 single nucleotide polymorphisms assessed through ADMIXTURE program; (a) k = 4, four subpopulations (SP): SP1, aqua; SP2, red; SP3, blue; SP4, dark green; (b) k = 6, six subpopulations; SP1, aqua; SP2, red; SP3, blue; SP4, dark green; SP5, orange; and SP6, purple; and (c) phylogenetic tree of foxtail millet germplasm accessions, color coded according to six subpopulations. . Genome-wide patterns of linkage disequilibrium decay as measured by r 2 averaged in distance intervals across nine foxtail millet chromosomes and averaged at whole-genome level. 7,189,103 to 7,195,068 bp) , which encodes Chalcone-flavanone isomerase, a major enzyme for flavonoid biosynthesis pathway that leads to production of secondary metabolites including anthocyanins, which gives color to the plant organs. For days to 50% flowering, we found many SNP loci that showed significant associations on chromosome 6 (Table 5) 
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Discussion
Short life cycle, marginal land adaptability, biotic and abiotic stress tolerance, C4 photosynthetic pathway, wide architectural traits, small diploid genome, and inbreeding nature of foxtail millet are more desired valuable assets for the ever-warming and changing global climate. The ICRISAT genebank's germplasm collection of foxtail millet has the widest global representation and provides unlimited options for selection. Management of large numbers of germplasm had been facilitated by designing subsets like core and mini-core collections with the retention of large diversity in place (Upadhyaya et al., 2008 (Upadhyaya et al., , 2011 . Advancements in sequencing and genotyping technologies have made it possible to genotype large germplasm collection, adding value to the germplasm conservation and use as demonstrated in foxtail and barnyard millets (Echinochloa spp.) (Jia et al., 2013; Wallace et al., 2015) . Next-generation sequencing technologies support germplasm management and enhance use of germplasm resources in crop improvement program (van Treuren and van Hintum, 2014) . They help in understanding the genetic diversity and population structure, allow effective germplasm management, access to a wider diversity of a crop's gene pool, and support researchers in selecting appropriate germplasm accessions for higher genetic gain in hybridization programs. In addition, sequence data of genebank accessions may be used to determine genetic composition and thereby help genebank curators to make more informed decisions about eliminating redundancies and identifying gaps to fill in with new acquisitions (van Treuren and van Hintum, 2014) . Next-generation sequencing data could also be used to monitor the regeneration of accessions to ensure the maintenance of genetic integrity by comparing sequence data of samples before and after regeneration (van Hintun et al., 2007) .
To improve the foxtail millet germplasm management and enhance its use and genomic research in foxtail millet improvement, we identified the genome-wide SNP variation of a representative sample of the ICRI-SAT foxtail millet germplasm collection, including the entire core collection accessions (Upadhyaya et al., 2008) . These germplasm accessions originate from 23 countries spread over Asia, Europe, America, and Africa. The GBS approach generated a total of 17,714 quality SNPs with MAF of 5% across 181 accessions. Evolutionary divergence between pairs of accessions has been provided for these 181 accessions (Supplemental Table S2 ), which will help in selecting diverse parents for hybridization programs. Although there were fewer accessions belonging to moharia and maxima than indica, we observed a maximum within-population diversity in both moharia and maxima. Similar findings were reported for this foxtail millet core collection characterized using SSR markers (Vetriventhan et al., 2012) . This could possibly be due to a bottleneck or severe natural-selection sweep that the indica race faced during its separation from other natural populations. The estimates of gene flow and genetic differentiation within and between populations can be important and informative since they are related to the population's evolutionary history. We found low levels of shared alleles and significant genetic differentiation (F ST ) between indica with those of maxima and moharia, whereas a higher level of shared alleles and lower genetic differentiation (F ST ) between maxima and moharia were found. It shows that the maxima and moharia accessions have a shared evolutionary lineage and might have evolved from the same natural population, while indica had a divergent phylogenetic lineage, thus resulting in divergent population. Similar genetic structure was reported for this foxtail millet core collection characterized using SSR markers (Vetriventhan et al., 2012 (Vetriventhan et al., , 2014 .
Prasada Rao et al. (1987) suggested three races in foxtail millet based on comparative morphology features, especially on the basis of variability in panicles structure of the foxtail millet accessions and our genetic structure analyses (phylogenetic tree, PCA, and a model-based ADMIXTURE) correlate well with the assigned racial structures. Accessions belonging to the indica race were highly diverged from those of maxima and moharia, as evidenced from shared allele frequency among races and F ST statistics; however, the individual subraces did not clearly separate. This could be due to the smaller number of accessions studied from each subrace, making it difficult to separate them. Also, how well the morphologybased racial classifications correlates with genome-wide SNP variation depends on both the level of divergence between races and the coverage of sequence variations that actually differentiate the races. For example, Wallace et al. (2015) investigated the phylogenetic structure of barnyard millet through genome-wide SNPs variation and reported that the phylogenetic relationship does not correlate well with racial structure in barnyard millet. Racial classification (Prasada Rao et al., 1987 ) also encompasses geographical distribution and morphological features. Most of the moharia accessions originate from Europe and southern and western Asia; these include cultivars with five to 52 culms, each bearing several small, more or less erect, inflorescences. Accessions belonging to maxima mostly originate from eastern and southern Asia and are characterized by plants with one to eight, usually unbranched, culms that bear large inflorescences. Accessions belonging to indica originate from southern Asia and are characterized by plants with intermediate culm number (average 6.6) and inflorescence size between those of moharia and maxima (Prasada Rao et al., 1987) .
The LD decay rate determines the mapping resolution of GWAS, interpretation of association peaks, and the transfer of alleles in marker-assisted selection (Jia et al., 2013; Morris et al., 2013) . Foxtail millet is a selfpollinating species, expected to have a high level of LD . As expected, the genome-wide LD decay rate was ~150 kb on average, where the LD decays from its initial value of 0.62 to background (0.2), and it varies with individual chromosomes, which could lead to differential resolution in different chromosomes and regions of the genome in GWAS. The present study shows that about 40% of these SNP loci were within 1 kb of adjacent SNPs at the whole-genome level and were concentrated in subtelomeric regions. A similar LD decay rate was reported by Jia et al. (2013) , where the genomewide LD decay rate was ~100 kb on average. These decay rates in foxtail millet are similar to those in rice, another self-fertilizing species (Huang et al., 2010) . To test the utility of this SNP data set, we performed GWAS on plant pigmentation and days to 50% flowering; both being highly investigated traits in many crop species including maize, rice and Arabidopsis (Nesi et al., 2000; Heim et al., 2003; Huang et al., 2012; Komeda, 2004) . We identified genomic regions and SNP loci associated with plant pigmentation and flowering time. Putative candidate genes colocalized with significant SNPs, indicating that our SNPs dataset can be used for GWAS of many traits for foxtail millet improvement.
Conclusions
This study reports genome-wide SNP variation in a set of 181 foxtail millet germplasm including 155 accessions of the foxtail millet core collection. The SNP data set generated here could serve as a resource for further investigation on GWAS in foxtail millet. For example, the foxtail millet core collection included in this study has wide genetic variation for resistance to blast (Sharma et al., 2014) , salinity tolerance (Krishnamurthy et al., 2014) , and agronomic and grain nutritional traits (Upadhyaya et al., 2008 (Upadhyaya et al., , 2011 . Associating sequence variation with such data will result in identification of novel alleles and genotypes for marker-assisted breeding to improve foxtail millet yield and adaptation to various stresses. This germplasm set is available to the global research community via the standard material transfer agreement (SMTA). As of now, we have distributed a total of 23 core and mini core-sets across 13 countries.
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Supplemental Figure S1 . Distance between single nucleotide polymorphisms (SNPs) used in this study. The x-axis represents base pair distances between adjacent SNPs. The y-axis represents the total number of SNPs that fall within a specific range. The z-axis represents the percentage of total SNPs that fall within a specific range.
